Physics Abstracts

61.30E -76.60E
Whereas proton spin-lattice relaxation in nematic liquid crystals seems to be well understood by now [1, 2] relatively little is known about the nature of the spin-lattice relaxation processes in the liquid crystals where a helical twist of the molecular director takes place. Helical distortion of the structure has been observed in pure cholesteric liquid crystals, and in ordinary nematic liquid crystals if an optically active and structurally similar compound has been added [3] . The studies of the relaxation rate in twisted nematic liquid crystals performed so far [4, 5] have shown that the relaxation mechanisms remain the same in the twisted as in the pure nematic compound, i.e. order director fluctuations predominantly relax the protons in both cases. This conclusion has been obtained for mixtures where only about 1 percent of the chiral compound has been added to produce the twist. The measurements of Ti in cholesteryl-esters [6] showed a non-exponential decay of the magnetization in the cholesteric phase, but no analysis of the relaxation mechanisms has been made so far.
In this paper we report the first study of a dispersion of the proton spin-lattice relaxation in a cholesteric mesophase. In order to get a comprehensive view of the relaxation mechanisms involved, the temperature dependences -in addition to the frequency dependences -of the relaxation times in the laboratory (T 1 ) and in the rotating frame (T,P) have been determined as well as the diffusion constant. T 1 and T,p data have been obtained using the standard 900-T-900 pulse sequence and the « spin-locking » method, respectively. The experimental error is estimated to be less than 5 % for T 1 and less than 8 % for T iP measurements. The pulsed magnetic field gradient spinecho method enabled the direct determination of the diffusion constant in the isotropic phase above the cholesteric to isotropic transition. Additionally, proton T2 has been measured in the isotropic phase by the Carr-Purcell pulse sequence, and in the cholesteric phase from the free induction decay (FID) signal.
The substance under study was cholesteryl-oleyl- [7] obseived for a derivative of cholesterol that it was not completely oriented even on cooling in a magnetic field of 6 T while the degree of orientation was only -25 % on heating the sample. The For a nuclear probe consisting of two protons with a fixed separation distance r, the dipole-dipole interactions of which are modulated by fluctuations in the orientation of the internuclear vector r with respect to the external magnetic field H due to nematic order director fluctuations, the spin-lattice relaxation rate is [8] and in the rotating frame where C is a constant independent of the Larmor frequency m and of col; fo(A), fl(A) and f2(A) are functions of the angle L1 between the molecular director (Fig. 1) [14] , for example, T,, is only 4 times smaller than T 1. This difference certainly indicates the onset of an additional relaxation mechanism in COC at low frequencies not present in the MHz region.
The investigation of Tl, in the cholesteric is particularly interesting because a relaxation mechanism which is specific for the twisted structure and which can be detected only at low frequencies, was proposed independently by turner, Vilfan and Blinc [15] and by Andreev [16] a few months ago. Diffusion along the helix in twisted structure modulates not only the inter-molecular dipolar interactions (as in nematic systems) but also the intra-molecular dipolar coupling as the molecule slowly rotates when moving in the direction of the helix. The relaxation rate (Tï1 )DR due to this process (o diffusion induced rotation », DR) has been calculated [15] to be for the oriented sample with all axes of the helices parallel to the magnetic field, and with the molecules lying in the planes perpendicular to the helix axis. All interactions between proton pairs (with proton separation distance r) on one molecule have been here assumed to lie in the direction of the long molecular axis due to fast molecular rotation around it. It should be noted that equation 4 predicts a non-zero relaxation rate due to « diffusion induced rotation » for the case when all the helix axes are parallel to the external magnetic field H as not only the change of the polar angle between interproton vector r and H but also the change of azimuthal angle 0, determining the position of r by its rotation around H, yields J 2 (OJ) different from zero [17, 18] . In evaluating equation 4 If the angle between the axis of the helix and magnetic field assumes a value 4 ' different from zero (T 1-')DR becomes (the result differs from that obtained by Andreev [16] in the factor determining the angular dependence of the spectral density at 2 to, as equation 14 [19] .
A similar difference between the dominating relaxation mechanisms in the MHz and in the kHz region as in cholesteric COC has been previously observed in nematic MBBA [8, 20] .
